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ABSTRACT: 

Material & methods: Forty Fish, Tilapia florida. were injected with insulin (20 IU/Kg body weight) for 
different periods. Single dose for 24h and repeated doses (dose every 48 h for 30, 45 and 55 days) were 
used in this experiment. Body gain, condition factor (CF), hepatosomatic index (HSI) and gut weight were 
calculated . Levels of total lipids, triglycerides and cholesterol were determined in serum, liver and 
myotomal muscle. Also, sodium and potassium levels were estimated in both serum and muscle but 


inorganic phosphorus was determined only in serum. 


Results: Insulin injection increased significantly body gain (P<0.05) and gut weight (P<0.01). While 
hepatosomatic index was significantly decreased (P<0.01) in insulin treated group at 30 and 45 days of the 
experimental periods. The prolonged administration of insulin in Tilapia florida showed a continued effect 
on the stimulation of lipogenic in the myotomal muscle as well as in the liver triglycerides synthesis. The 


lowering effect of insulin on liver content of triglycerides but not in the serum. 


Conclusion: So, it has been suggested that insulin might promote the triglyceride synthesis in liver to be 
removed as rapidly as synthesized to lipid stores in the body. The increasing effect of insulin on serum and 


muscle potassium level probably reflect role of such hormone in osmoregulation in this fish. 
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INTRODUCTION 

Many investigators have studied the either carbohydrate metabolism or amino acid 
metabolic effects of insulin in lower vertebrates, incorporation into tissues with little attention on 
particularly fish (Ottolenghi et al., 1982; Foster the lipid metabolism. 
and Moon, 1989 and Al-Salahy et al., 1994).The On studying the glucose tolerance test in 
majority of these studies were carried out as many species of fish, many workers concluded 
short-term treatment and have been focused on that fish naturally suffer from insulin deficiency 
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prolonged administration of insulin trout directed 
toward the lipogenic and proteogenic pathway. 
Furthermore, there 


were few 


experiments concerning insulin role on 
electrolytes in fish. Since De-Fronzo et al. 
(1980) declared that insulin stimulate the muscle 
uptake of potassium, on the other hand, 
Lewander et al. (1976) did not show any change 
in plasma sodium and potassium level in 
Anguilla anguilla. In Clarias lazera .Al-Salahy 
(1990) recorded an increase in plasma inorganic 
phosphorus after insulin treatment. 

The objective of this investigation was 
to examine the effect of prolonged 
administration of insulin (20 IU/kg body weight) 
on growth performance, lipid metabolism and 


electrolytes in Tilapia florida. 


MATERIAL AND METHODS 
Material: 

A total number of 40 adult Tilapia florida 
were collected from the Tawarga pond at 
Misurata Libya. The average body weight and 
length were 70 + 1.1 g and 16 + 0.9 cm. 
respectively. The fish were immediately 
transported after catching to special aquaria in 
the laboratory (100 liter capacity) filled with 
aerated fresh water. The water temperature was 
adjusted thermostatically at 22 + 0.05 °C. The 
fishes were acclimatized to the laboratory 
conditions for 2 weeks before the beginning of 
fish were injected 


experiment. Twenty 


intraperitoneally with normal saline solution 
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(Furuichi and Yone, 1981, 1982). These teleos 
fish utilize carbohydrates poorly, depending 
energy production 
(Furuichi et al., 1971; Nagai and Ikeda, 1972; 


Brett and Groves, 1979 and Walton and Cowey, 


primarily on lipid for 


1982). Furthermore, the short length of the first 
proximal tubule in the kidney of most fresh 
water teleosts was responsible for incomplete 
glucose reabsorption from the filtrate (Hickman 
and Trupm, 1969). Thus, insulin administration 
into fish may enhance dietary carbohydrate 
utilization as source of energy instead of dietary 
protein and lipids. So, Ludwig et al. (1977) 
recorded 22% body weight increase in Coho 
salmon after insulin injection (3.2 IU/Kg body 
weight twice weekly). 

Little attention was paid to study the 
metabolic effect of the prolonged administration 
of insulin in fish, previously, the authors 
investigated the effect of long-term injection of 
insulin on carbohydrate and free amino acids 
metabolism in Oreochromis niloticus (Al- 
Salahy et al., 1994). They found that the effect 
of repeated doses (20 IU/kg every 48h for 30, 45 
and 55 days) of insulin did not continue at the 
same level on carbohydrate and free amino 
acids. Similarly, the effect of insulin on glycemic 
level was not continued by the same extent in 
trout during long-term treatment (Ablett et al., 
1981).This finding let the authors to suggest that 


an adaptation response was occurred. However, 


Ablett et al. (1981) concluded that the effect of 
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Methods: 


Serum Total lipids were estimated by kit 
(BioMerieux, France). The estimation of 
total lipids in liver and muscle was made by 
the same kits after the extraction of lipid by 
chloroform; methanol mixture (2:1) as 
described by Folch et al. (1957). 

Tissue cholesterol and triglycerides were 
determined after extraction of total lipid 
by the method of Folch et al. (1957). 
Determination of triglycerides in serum, 
liver and muscle lipid extracts was carried 

colorimetrically according the 


method of Bucolo and David, (1973). 


out to 
Whereas, determination of cholesterol in 
serum, liver and muscle lipid extracts was 
carried out colorimetrically according to 
the method of Richmond (1973). 

Sodium and potassium levels were 
determined in serum and in aqueous 
muscle extract by flame photometer. 
Serum inorganic phosphorus 5 
estimated by using BioMerieux kits 
according to the method of Gomorri 
(1942). 

Statistical analysis: 

The dada obtained in the present work 
were expressed as mean + SE and were 
statistically analyzed using one way 
ANOVA, and the 


results were 


considered significant at P<0.05. 


A- 


B- 
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(0.65%) which represented the control and 
divided into 4 groups, 5 animals each. Fish of the 
first group were sacrificed 24 hr after saline 
injection. Individuals of the second, third and 
fourth group were exposed to repeated injections 
of saline for 30, 45 and 55 days (dose every 48 
h). 

The other 20 fish were injected 
intraperitoneally with either single or repeated 
mammalian insulin doses (Lante insulin) and 
were divided into 4 groups, 5 animals each. The 
animals of the first group were injected with 
single dose of insulin (20 IU/kg body weight) 
and were sacrificed 24 h after treatment. The 
animals of the second, third and fourth group 
were injected with repeated doses (dose 20 IU/kg 
body weight every 48 h) for 30. 45 and 55 days 
respectively. The fishes were fed normal diet 
twice daily at 3% of mean body weight. After 
the final dose of insulin injection, all fish were 
fasted for 24 h before sacrifice. 

The individual fish body weight, body length 
was recorded weekly. Liver and gut weight were 
recorded at 24 h and 30, 45 and 55 days of study. 
Then body gain, condition factor (body 
wt/Length? x 100) and hepatosomatic index 
(liver wt/body wt x 100) were calculated. 

Samples of blood serum, liver and lateral 
myotomal musculature (below the dorsal fin) 
were taken. Liver and muscle samples were 
dried at 60% C till constant weight has been 
obtained, then followed by grinding. Samples 


were kept at -20ċ C until biochemical analysis. 
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the action of insulin on lipids, was continued for 
55 days (Time of the experiment) in Tilapia 
florida. 


treatment on carbohydrates and free amino acids 


In contrary, the effect of insulin 
did not continue for 55 days at the same 
conditions in the same fish ( Al-Salahy et al., 
1994). 

c- Electrolytes: 

Table (4) from 14 to 18 showed significant 
(P<0.05) increase in potassium (K*) level in 
serum and muscle in injected group with insulin 
for 55days. While the changes in sodium (Na*) 


level of serum and muscle as well as in serum 


organic phosphorus (p) was not significant. 


DISCUSSION 
In the present study, injection of insulin caused 
a significant increase (P<0.05) in body gain of 
fish. Such effect was mainly due to the anabolic 
effect of insulin. Ablett et al. (1981) stated that 
insulin has growth effect in rainbow trout after 
56 days treatment. Moreover, they recorded an 
increase in muscle protein and lipid contents. 
Indeed, insulin increased both number and size 
of cells. Insulin promotes the muscle uptake of 
serum amino acids in the same fish at the same 
insulin level (Al-Salahy et al., 1994). Also, from 
the present results it can be concluded that the 
increase in body weight gain may be due to that 
insulin stimulates the protein and lipid synthesis 
in muscles of the fish (Table 3). 
The fish length and condition factor 
were not 


significantly affected by insulin 
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RESULTS 
a-Growth performance: 

Insulin injection showed significant 
increase (P<0.05) in fish body weight and net 
weight. Average body gain was 0.74 and 1.43 
g/fish in control and insulin treated fish 
respectively. Also, the length and condition 
factor (CF) increased in treated group of 55 days 
but this increase was not significant. While, the 
hepatosomatic index (HSI) was significantly 
decreased (P<0.01) at period of 30 and 45 days. 
The gut weight was significantly heavier 
(P<0.01) in insulin treated group. 

Lipid metabolism : 

In single dose group, insulin injection led to 
hypolipidemia (P<0.01) and significant change 
in muscle lipids. In repeated dose groups the 
lipogenic pathway was significantly (P<0.05) 
increase in myotomal muscles, which represent 
the considerable mass in fish, in spite of its 
unchanged level in both serum and liver (Tables 
1, 2 and 3). Triglyceride levels decreased 
significantly (P<0.01) in liver only in both single 
and repeated dose groups (Table 2), serum 
triglycerides total lipids ratio (%) was 
significantly (P<0.01) increased in single dose 
group, while it was significantly (P<0.01) 
decreased in liver in both single and repeated 
dose groups (Tables 1 and 2). Cholesterol level 
was influenced only by single dose injection in 
both serum and liver, but in opposite direction 
where it was significantly decreased (P<0.01) in 


the former and increased in the later. In general, 


Abdel-Salam Ohaida 


72 h after treatment in Clarias lazera (AI- 
Salahy, 1990). He recorded hypotriglyceridemia 
24, 18 and 48 h after treatment. Similarly, Yanni 
(1967) recorded 85.3 % decrease in plasma total 
lipids 24 h after single insulin injection (dose 10 
IU/kg) in Clarias lazera. The present work 
showed that the single dose of insulin 
significantly (P<0.01) lowered serum levels of 
total lipids and cholesterol, but it did not affect 
the serum level of triglycerides. The great 
decrease in serum total lipids was concomitant 
with the unchanged serum triglyceride levels and 
the increase in the triglycerides/total lipids ratio 
let to suggest that serum fatty acids level might 
be the major lipid fraction of insulin action. This 
concept was in harmony with that reported in 
Carassius auratus by Minick and Chavin (1972), 
Polakof et al. (2010) & Kling et al. (2012). 

Data obtained herein, showed that 
insulin did not affect the serum levels of total 
lipids, triglycerides and cholesterol in the 
repeated doses of all periods. However, in 
previous study, repeated doses of insulin, under 
the same condition, significantly decreased 
serum levels of glucose and free amino acids in 
Oreochromis niloticus after treatment for 30 and 
45 days (Al-Salahy et al., 1994). Repeated doses 
for short-term treatment (10 IU/kg/24 h for 72 h) 
in Clarias lazera led to 86.0% decrease in 
plasma total lipids (Yanni, 1967). 

In the present study, single dose of 
insulin led to marked decrease in the liver 


contents of total lipids and triglycerides. In 


608 


injection. This may be due to as previously 


mentioned that insulin has mainly anabolic 
effect. Insulin injections lower the hepatosomatic 
index (HSI) significantly (P<0.01) after 30 and 
45 days. This result may be due to that insulin 
decrease significantly the accumulation of lipids 
in liver in group at 24 h, and 30, 45 and 55 days 
after insulin injection (Table 2). These results are 
agree with the findings of Lewander et al, 
(1976) on Anguilla anguilla injected with a high 
dose (100 IU/kg ). In contrary, low insulin dose 
increased the HSI in rainbow trout injected with 
0.5 IU insulin every 48 h for 56 days (Ablett © 
al., 1981). However, it could be attributed this 
difference in the results to fish species and 
insulin dose. The gut weight increased 
significantly (P<0.01) in the treated group than 
the control one after 30 and 45 days of 
experimental period. This result is supported by 
Sakata et al. (1980) who stated that insulin 
administration increased the weight of digestive 
tract and mitotic index of rumen in sheep. 

Insulin often induces hypolipidemic 
state in mammals (Grodsky, 1983). In fish, the 
situation is somewhat differ, where there were 
variable effects of the exogenous insulin on 
plasma lipid contents while the level of plasma 
lipids, triglycerides and cholesterol was not 
affected few hours to few days after single dose 
(100 IU/kg) of insulin treatment in Anguilla 
anguilla (Lewandertal, 1976) and in opsanus tau 
(Tashima and Cahill, 1968). In contrary, single 


dose of insulin (10 IU/kg) led to hypolipidemia 
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serum and liver in that periods. In previous 
study, AL-SALAHY et al.( 1994) showed that 
repeated doses of insulin injection into Tilapia 
florida, under the same condition of this work, 
induced hypoglycemia accompanied by 
unchanged glycogen levels in liver and muscle 
after 30 and 45 days of treatment. Also they 
recorded a reduced serum free amino acids 
accompanied by hypoglycemia. Moreover, 
insulin treatments increase the cellular uptake of 
free fatty acids resulting in stimulation of 
lipogenesis (Goldfine, 1977). 

The elevated muscle level of potassium 
in treated group of 55 days may be due to that 
insulin stimulate the muscle uptake of potassium. 
This concept based on the finding of Defronzo et 
al. (1980) that insulin mediated the potassium 
uptake by muscle in mammals. Serum sodium 
level decreased in treated fish but this decrease 
was not significant. In turn, muscle sodium level 
showed increase at the 


insignificant same 


periods of treatment. Similarly, insignificant 
changes in plasma sodium level in Anguilla 
anguilla treated by single dose of insulin 
(Lewander et al., 1976). Serum phosphorus 
significant change. In 


Clarias lazera. Al-Salahy (1990) showed an 


level did not show any 


increase in plasma inorganic phosphorus level 24 
and 72 h after treatment. 

Accordingly, it can be suggests that 
insulin injection into Tilapia florida, may 
enhance muscle lipogenesis from the major 


precursor, free fatty acids as well as glucose and 
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Clarias lazera, liver total lipids were not 
affected, few hours to 3 days, after single 
injection of insulin 10 IU/kg (Al-Salahy, 1990). 
Also, liver total lipid content did not show any 
significant change in Anguilla japonica injected 
by single dose (5 IU/kg), for 5 h or by repeated 
doses (5 IU/kg/12 h) for 48 h (Inui and Yokote, 
1975). 

The data showed also that repeated doses 
for 30 , 45 and 55 days decreased the liver 
significant 


triglyceride content. Consequently, 


decrease (P<0.01) in triglycerides / total lipids 
ratio in liver was seen in the same periods of 
treatment. In mammals, insulin injection 
increased the rate of lipogenesis form glucose 
and the synthesis of triglycerides in the liver and 
removed as rapidly as synthesized (Mayes, 
1983). In trout. Salmo gairdneri, Ablett et al. 
(1981) recorded a significant decrease in liver 
lipids after 56 days of repeated doses of insulin 
(0.5 IU/kg every 48 h). 

In the present study, the decreasing 
effect of single dose of insulin on the serum 
cholesterol level was accompanied by marked 
increase in liver cholesterol level and significant 
change in its level in muscle. This suggests that 
the short-term treatment of insulin, in Tilapia 
florida might enhance the liver uptake of serum 
cholesterol. 

Data obtained herein showed that insulin 
significantly (P<0.05) increases the muscle total 
lipid content in repeated dose of 30, 45 and 55 


days in spite of unchanged its level in both 
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acid levels was not continued for 55 days and 
they were suggested that adaptation response to 
such hormone was occurred. This result is in 
harmony with that reported in trout by Ablett et 
al. (1981) & Polakof et al. (2010). 

In conclusion, long-term insulin 
injection increased fish body weight due to the 
anabolic effect of insulin on protein synthesis 
and lipogenesis in skeletal muscle of fish. 
However, from economical point of view single 
dose is recommended. In liver, insulin might 
promote the synthesis of triglycerides to be 
removed as rapidly as synthesized to lipid stores 
in the body. Also, the insulin effect on 
electrolytes may reflect the regulatory role of 


this hormone on osmoregulation in this fish. 


free amino acids. Similarly, Ablett et al. (1981) 
reported an increase in lipid content of skeletal 
muscle of rainbow trout (Salmo gairdneri) 
following the repeated insulin injection for 56 
days. Moreover, insulin increased glycine uptake 
into lipid and protein in teleost fish (Thorpe and 
Ince, 1974 and Ince and Thorpe, 1976). On the 
other hand, Aster (1981) found that the major 
precursor of lipogensis in fish Anguilla rostrata 
was the dietary lipid content. Insulin (10 IU/kg) 
promoted lipogenesis in the red muscle of 
Clarias lazera 18 h after treatment. In the 
present study, the effect of repeated doses of 
insulin on lipid metabolism was continued for 55 


days. On contrary, Al-Salahy et al. (1994) found 


that insulin effect on carbohydrate or free amino 


Table 1: Effect of insulin (20 IU/kg body weight) on serum total lipids, triglycerides, triglycerides/total 


lipid ratio and cholesterol of Tilapia florida. 



































Single Repeated doses 
24h 30 days 45 days 55 days 
C T C T C T C T 
Total lipids (mg/dI) 446 + 17.6 | 283**+ 98.4 | 463498.4 | 336448.4 | 426475.4 | 330471.4 | 420415.2 | 450+23.1 
Triglycerides (mg/dI) 169 + 6.6 166+411.1 | 170+7.9 | 133425.6 | 168412.1 | 17943.0 | 1645.2 | 1505 
Triglycerides/total 38 + 5 59**+4.4 36 6.2 | 3944.1 | 4045.4 | 54 +7.7 | 3941.6 | 33 + 4 
lipids ratio 
Cholesterol (mg/dI) 27.3+0.9 23.3**40.4 | 26.643.4 | 29.642.7 | 23.343.9 | 25.941.9 | 21.542.7 | 23.5 43.5 
Data represented are mean + standard error. C = control, T= Treated 


n = fish / treatment 
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** Highly Significant (P<0.01) 


* : Significant (P<0.05) 
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Table 2: Effect of insulin (20 IU/kg body weight) on liver contents of total lipids, triglycerides, 


triglycerides/total lipid ratio and cholesterol in Tilapia florida. 





























Single Repeated doses 
24h 30 days 45 days 55 days 
0 1 0 1 0 1 0 1 
Total lipids 131 +7.9 | 86*+ 13.6 | 1277.1 173+23.6 | 1176.5 1052.3 116+7.0 | 109410.7 
(mg/g dry wt). 
Triglycerides 59.2+8.7 | 15.5**40.4 | 53.2+2.6 | 40.5*43.4 | 55.243.6 | 26.1**41.1 | 60.841.5 | 29.2*+7.0 
(mg/g dry wt). 
Triglycerides/total | 45.2+7.3 | 18.1*+5.6 | 41.841.8 | 23.6**41.4 | 47.144.2 | 24.3**+2.6 | 52.4+2.0 | 26.8*+6.7 
lipids ratio (%) 
Cholesterol 1.25+0.1 | 3.50**±0.3 | 1.48+0.04 | 1.34+0.3 | 1.36+0.3 | 1.12+0.1 | 1.4940.6 | 2.06+0.1 
(mg/g dry wt). 
Data represented are mean + standard error. C = control, T= Treated 
* : Significant (P<0.05) ** Highly Significant (P<0.01) n= fish / treatment 


Table 3: Effect of insulin (20 IU/kg body weight) on muscle contents of total lipids, triglycerides and 


cholesterol of Tilapia florida. 
Single Repeated doses 


24h 30 days 45 days 55 days 
C T C T C T C T 
Total lipids 56.944.6 | 57.2412.2 | 63.648.2 | 135.1*+16.5 | 64.544.9 | 93.5*%+4.1 | 58.2+4.8 | 118.6*+16.9 


























(mg/g dry wt). 
Triglycerides | 60.342.4 | 53.147.9 | 8 67.6+4.8 62.745.9 | 63.549.3 | 64.948.8 54.6+6.6 
(mg/g dry wt). 
Cholesterol 0.51±0.02 | 0.63±0.09 | 0.41±0.03 | 0.51±0.05 | 0.50±0.05 | 0.45±0.02 | 0.54+0.03 | 0.55.02 
(mg/g dry wt). 
Data represented are mean + standard error. C = control, T= Treated 
* : Significant (P<0.05) ** Highly Significant (P<0.01) n = fish / treatment 
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Table 4: Effect of insulin (20 IU/kg body weight) On serum and muscle level of sodium (Na*) and 


potassium (K*) and serum phosphorus (P) level in Tilapia florida. 














30h 45 days 55 days 
C T C T C T 

Sodium (mg/dI) 50.75+46.65 | 30.2545.25 | 60.75+8.9 | 51.00+2.88 | 56.00+4.08 | 56.00+7.07 
Potassium (mg/dI) 1.67+0.44 2.52+0.12 3.20±0.69 | 2.77±0.33 | 1 3.40*+0.33 

| Phosphorus(mg/dl) | 15.04 2.9 11.941.6 14.640.4 | 8.2+0.23 | 14.6403 | 10.5 + 5 
Sodium (mmol/L) 162.8+4.75 | 174.346.4 | 168.043.15 | 177.146.08 | 194.641.41 | +838 

Potassium(mmol/L) | 6.46+0.05 7.06±0.38 6.8+0.03 7.355 7.2+0.05 8.1*+0.3 

Data represented by mean + standard error. C = control, T= Treated 


n= fish / treatment 


Folch, J, Lea, MM and Stanely, GHS (1957): 
A simple method for the isolation and 
purification of total lipids from animal tissues. J. 
Biol. Chem., 226: 497-509. 

Foster, GD and Moon, TW (1989): Insulin and 
the regulation of glycogen metabolism and 
gluconeogenesis in American eel hepatocytes. 
Gen. Comp. Endocrinol., 73: 374-381. 

Furuichi, M and Yone, Y (1981): Change of 
blood sugar and plasma insulin levels of fishes in 
glucose tolerance test. Bull. Japan. Soc. Fish., 
47(6): 761-764. 

Furuichi, M and Yone, Y (1982): Effect of 
insulin on blood sugar levels of fishes. Bull. 
Japan. Soc. Fish. 48(9): 1289-1291. 

Furuichi, M, Shitanda, K and Yone, Y (1971): 
Studies on nutrition of red sea bream. 
Appropriate supply of dietary carbohydrate. Fish. 
Res. Lab., Kyuchu Univ., 1: 91-100. 

Goldfine, I D (1977): Does insulin need a 
second messenger. Diabetes 26, 148-155. 
Gomorri, G (1942): J Lab Vin Med., 27: 995. 
Grodsky, GM (1983): Chemistry and function 
of the hormones (III pancreas and gastrointestinal 
tract). In "Harpers review of biochemistry" 
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* : Significant (P<0.05) 
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Abdel-Salam Ohaida 


الملخص العربي 


تأثير الحقن بالأنسولين لفترات طويلة علي النمو وايض الليبيدات والالكتروليتات في سمكة 
البلطى 


عبد السلام محمد ابريك اوحيده 


قسم علم الحيوان - كلية العلوم- جامعة مصراتة - ليبيا 


تم دراسة الحقن بالأنسولين (20وحدة دولية/ كيلوجرام حي) في اسماك البلطي الأحمر( تلابيا فلوريدا) بجرعة مفردة 
وكذلك بجرعات متكررة ( كل 8 ساعة ) لمدة 30 » 25 5 يوم وقد تم تقدير الزيادة في الوزن» معامل الجسم (CF)‏ معامل 
الكبد ) HSI‏ ) وكذلك وزن القناة الهضمية. 


سردات الصو a pull gills psd‏ فى كل :مق all Jae‏ والعضئلات بالإضاقة الى gill‏ شري لر :عضوي فى مضل Anti asl‏ 


لقد أظهرت النتائج أن الحقن بالأنسولين أدى الى زيادة معنوية (P<O.05)‏ في وزن الجسم ووزن القناة الهضمية 
(P<0.01)‏ بينما انخفض معامل الكبد انخفاضا معنوي (P<O.01)‏ 


ومن خلال النتائج يمكن استنتاج أن للأنسولين تأثير علي عملية تكوين الدهون في العضلات والكبد حيث استمر في 
الفترات المختلفة للدراسة وان للأنسولين تأثير مخفض على كميات الجلسريدات الثلاثية على الرغم من عدم تغير مستواه في 


مصل الدم وذلك يدعو الى الاقتراح بأن هرمون الأنسولين ربما يسرع من عملية تخليق الجلسريدات الثلاثية التي تغادر الكبد 
فور تكونها الى أماكن تخزين الدهون في الجسم. 


وأيضا قد أدى الأنسولين الي زيادة مستوى البوتاسيوم في كلا من مصل الدم والعضلات مما يعكس دور هذا الهرمون 
في التنظيم الأسموزي لهذه السمكة. 
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